This paper reviews the effects of microstructural variations on the fracture toughness properties of Alloy 718 base metal and welds at 24 to 538°C.
Seven different base metal lots, including five base metal heats and three different product forms from one of the heats, were tested in both the conventional (ASTM B637) precipitation treatment condition and a modified treatment condition that was developed to improve the fracture resistance for this superalloy.
A gas-tungsten-arc weld was tested in both heat treatment conditions and the as-welded condition. Significant heat treatment and heatto-heat variations in fracture toughness were found and the results were analyzed statistically to establish minimum-expected toughness values for use in fracture control analyses.
In the conventional heat treatment (CHT) condition, the presence of coarse second phase precipitates, 6 phase in the base metal and 6 plus Lavesphase in the weld, controlled the fracture behavior by causing premature microvoid nucleation and growth. This improvement was most apparent in heats A, B and 0, whereas heats C and E showed only modest increases in fracture resistance.
Systematic heat-to-heat variations were displayed by both heat treatments with the same ordering of heats observed over the entire test temperature regime (i.e., decreasing fracture toughness values were observed in essentially the same sequence: MHT lots B-B, D-F, A-P, E-F, E-P, C-P and E-B; CHT lots A-P, B-B, E-P, C-P, D-F, E-F AND E-B).
Note that heats with the highest JIc initiation values also yielded the highest stable tearing resistance.
The microstructural features responsible for the heat treatment and heat-to-heat variations in fracture toughness will be discussed later.
The fracture toughness response for the plate, bar and forging from Heat E, represented by the solid symbols in Figures  1-3 , revealed significant product-form differences for both heat treatments.
In the CHT condition, JIc values for the plate were consistently higher than those for the bar and MHT Lot E-P. The MHT solution anneal dissolved the b particles, but it had no effect on the MCtype carbides. Heat- Intern.
Intel-m. (c) Lot C-P. Channel fracture between the primary dimples. (Table II) relative to their CHT counterparts. An exception was noted in MHT lot C-P where extensive channel fracture prematurely interrupted microvoid growth.
This accounted for the relatively small improvement in toughness for this lot, relative to the CHT response.
Since primary microvoid coalescence was the dominant fracture mechanism, it is not surprising that lots containing low carbide densities exhibited comparatively high fracture tougnness and the greatest improvement in overall fracture resistance relative to the CHT response. This observation was also supported by the larger dimple size found in the higher toughness MHT heats. In MHT lot E-B, the very high density of carbide clusters coupled with 6 remnants contributed to the inferior toughness behavior exhibited by this material.
Fracture
Toughness Response for Alloy 718 Welds
The fracture response for the weld in the as-welded, CHT and MHT conditions is illustrated in Figures 9-11 . At 24"C, the CHT weld failed via an unstable cracking mode at KI levels between 62 to 73 MPaJm, corresponding to JIc levels between 19 to 27 iJ/mz. The unstable fracture behavior was represented by the horizontal J curve in Figure 9 . The KIC values for the CHT weld were slightly higher t an the 55 MPa/m obtained by Forman[El] and R Lorenz [22] for GTA welds containing surface flaws. At elevated temperatures, 
